The investigation of fragile and potentially inhomogeneous forms of ferromagnetic order under extreme conditions, such as low temperatures and high pressures, is of central interest for areas such as geophysics, correlated electron systems, as well as the optimization of materials synthesis for applications where particular material properties are required. We report neutron depolarization imaging measurements on the weak ferromagnet Ni 3 Al under pressures up to 10 kbar using a Cu:Be clamp cell.
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The non-destructive and spatially resolved investigation of inhomogeneous ferromagnetic properties of materials under pressure has for a long time been a great challenge in solid state research. Progress on this question concerns a wide range of scientifically interesting fields like geophysical investigations, fundamental research in correlated electron systems as well as applied research, such as material synthesis and its optimization for tailored applications. For example, investigation of the distribution and development of magnetic properties under pressure in natural minerals like magnetite is of paramount importance in geophysical research to obtain a detailed understanding of the composition and development of the earth's interior 1 . In this context it can be crucial to use methods which allow for nondestructive and in-situ probing of the minerals. Similar prerequisites can also be found in applied materials science where non-destructive and spatially resolved probing of magnetic properties in volume or thin film material can be essential for the synthesis and tailoring of (in)homogeneous magnetic properties. Lastly, the effect of pressure on the electronic density of state at the Fermi surface and the residual effects on the superconducting or magnetic behavior is of elementary importance in the physics of correlated electron systems.
In recent years radiography with polarized neutrons is increasingly being recognized as a powerful method for the investigation of magnetic field distributions, most notably of internal magnetic fields in bulk materials and trapped flux in superconductors [2] [3] [4] [5] . As a special application of this technique, neutron depolarization imaging 6 is based on the measurement of the change of the neutron beam polarization after transmission of a ferromagnetic sample.
In ferromagnetic materials the interaction of the neutron's nuclear magnetic moment µ with the magnetic field distributions in the domains leads to a depolarization of the neutron beam, by increasing the Ni concentration x leads to an increase of the ordering temperature 10 . It is known from metallurgic investigations that the growth of Ni 3 Al is very difficult due to a peritectic point in a very narrow temperature range 11 . However, due to the strong dependence of the ordering temperature T C on the composition any metallurgic inhomogeneity will consequently lead to a variation of the magnetic properties of the sample, generating great uncertainties in studies of the behaviour at the quantum phase transition. In this context we have investigated the pressure dependence of the ferromagnetic transition temperature, dT C /dp, in a Ni 3+x Al 1−x (x ≈ 0.02) sample to explore the potential of the neutron depolarization imaging technique for this and related fields. The minimum distance between sample and detector is restricted to d ≈ 300 mm by the For a random orientation of the ferromagnetic domains in the sample and under the assumption of a small net rotation of the neutron spin within a single domain the change of the beam polarization after transmission of the sample may be written as
where P 0 is the initial beam polarization, γ = 1.83 · 10 8 s −1 T −1 is the gyromagnetic ratio of the neutron, B is the magnitude of magnetic field within a single domain, d is the sample 4 thickness, δ is the average domain size and v is the neutron velocity. This formula relates the magnetic properties of the sample with the beam polarization.
For weak itinerant ferromagnets in a Ginzburg-Landau approach the magnetization M(T )
is typically assumed to take the form
. Using this expression the magnetic field in the domains may be written as B(T ) = µ 0 M(T ), which introduces a temperature dependence in eq. 1.
These measurements were performed using a polychromatic neutron beam with wavelengths λ ≥ 4Å which was obtained by inserting a polycrystalline Be filter into the neutron can still be determined.
Hydrostatic pressure was applied by means of a Cu:Be clamp cell with a reduced radius around the sample position to minimize neutron absorption (see Fig. 2(a) ). A Fluorinert FC72:FC84 mixture at a 1:1 volume ratio was used as pressure transmitter. The sample space within the Teflon cup in the pressure cell had a diameter of 7 mm and a maximum height of 3 cm. The wall thickness of the Cu:Be alloy around the sample space was reduced to 7 mm. The applied pressure was calculated from the applied force used to load the cell.
A polycrystalline Ni 3+x Al 1−x rod with x ∼ 0.02 was prepared by float zoning in an optical image furnace 21 . A disc with a height of 5 mm and a diameter of 7 mm was cut from the rod (photo shown in Fig. 2(e) . Inhomogeneities within the disc have been found both in previous neutron radiography 6 and susceptibility measurements, which showed that the sample mainly consists of three grains with different properties. An average ordering temperature of T C ≈ 80 K with a variation of approx. ±10 K was found. The disc was placed in the clamp cell together with a paramagnetic Fe 2 VAl sample (used for a different study and barely visible in the radiography in Fig. 2(b) ) using aluminum foil as a spacer.
Neutron depolarization imaging measurements at different temperatures were performed
at two different pressures p 1 = 0.2 kbar and p 2 = 10 kbar. The low pressure measurement was performed at a slight overpressure of 0.2 kbar above ambient pressure (pressure losses permitting) in order to maintain the orientation of the sample inside the pressure cell. Data The polarization is coded between black (P = 0.65) and white (P = 1.05, see color bar).
This scaling was chosen to visualize the small depolarization of the beam observed in the experiment. One may clearly observe the lower position of the slightly ferromagnetic -and thus depolarizing -pressure piston at higher pressure in Fig. 2(d) . At a first glimpse one may already notice the reduction of the darkened area at higher pressure, i.e. the increase of the neutron beam polarization with increasing pressure. Different gray shading within the sample arises due to spatially inhomogeneous magnetic properties of the sample. 
